The relief around subduction zones results from the interplay of dynamic processes that may locally exceed the (iso)static contributions. The viscous dissipation of the energy in and around subduction zones is capable of generating kilometer scale vertical movements at the surface. In order to evaluate dynamic topography in a self-consistent subduction system, we carried out a set of laboratory experiments, wherein the lithosphere and mantle are simulated by means of newtonian viscous materials, namely silicone putty and glucose syrup. Models are kept in their most simple form and are made of negative buoyancy plates, of variable width and thickness, freely plunging into the syrup. The surface of the model and the top of the slab are scanned in three dimensions. A forebulge systematically emerges from the bending of the viscous plate, adjacent to the trench. With a large wavelength, dynamic pressure offsets the foreside and backside of the slab by ∼500 m on average. The suction, that accompanies the vertical descent of the slab depresses the surface on both sides. At a distance equal to the half-width of the slab, the topographic depression amounts to ∼500 m on average and vanishes at a distance that equals the width of the slab. In order to explore the impact of slab rollback on the topography, the trailing edge of the plates is alternatively fixed to (fixed mode) and freed from (free mode) the end wall of the tank. Both the pressure and suction components of the topography are ∼30% lower in the free mode, indicating that slab rollback fosters the subsidence of upper plates. Our models are compatible with first order observations of the topography around the East Scotia, Tonga, Kermadec and Banda subduction zones. 1 The topography results from a variety of processes that, around subduction 2 zones more than anywhere else, have strong spatial gradients. At the surface 3 of the Earth, the conjunction of these processes not only produces the most 4 important deviations from the geoid (outlined by the 5-10 km deep trenches), 5 but also the largest topographic slopes, offshore and onshore. The topographic 6 expression of subduction zones is viewed as the juxtaposition of a depressed 7 bathymetry of the overriding plate, a deep trench, an outer rise (or forebulge).
Limitations of the model 141
Before going further, a few limitations that are intrinsic to our models should 142 be outlined. First of all, the seldom discussed surface tension [34, 35] affects 143 the dynamics of our experiments. In a sense, surface tension can conversely 144 be regarded as fortunate, because it coincidentally holds at the surface the 145 silicone plates, whose buoyancies fall within the desired range of exploration, 146 and let them sink beyond. However this is not an Earth-like property and 147 as such it may alter the interpretation of subduction dynamics. In addition, 148 the paint layer may also modify the surface tension of the fluid with respect 149 to the experiments that are exempt of paint. The effect of surface tension is 150 critical only when the slab buoyancy forces are low enough to be comparable 151 to that of surface tension. It could explain the non-linear behaviour of some 152 analogue models. For instance, in the experiments of Schellart [23] , subduction 153 kinematics do not scale linearly with slab buoyancy, that is presumably the 154 only varying parameter of the experimental serie. However, such non linearities 155 are not striking in the experiments of Funiciello et al. [22] : during the early 156 stages of subduction, trench retreat rates seemingly increase almost linearly 157 with the slab pull force. Therefore, we assume that the role of surface tension, 158 although non negligible [35] , doesn't significantly bias our results, but should 159 be carefully considered when full parametric studies are carried out. 160 Second, our models have no overriding plates. In precursory models, [36] suc-161 cessfully overcame this issue by adding a viscous upper plate and measuring 162 the elevation changes throughout the experiment. This was suited for their 163 applied experiments, but added some noise to the results. Here instead, as in 164 the seminal experiments of subduction zones [22] [23] [24] , we simplify the models 165 in order to extract the quintessential processes that shape the surface of the 166 Earth around subduction zones, but also to evaluate the feasibility of such 167 technique from a general standpoint. We are well aware that introducing up-168 per plate changes the subduction dynamics [17, 37, 38] , but a full parametric 169 study, that would explore a variety of boundary conditions (including upper 170 plates) is beyond the scope of this paper.
171
Third, the tank is not infinite, which often appears satisfying enough for the 172 study of subduction dynamics in general [22] [23] [24] . However, given that the very 173 distribution of the stresses within the flowing glucose syrup controls the to-174 pography, its perturbation by the non-infinity of the tank plays a role. This to prevent this from happening, as illustrated by the meniscuses that make 207 the transition from the elevation of the glucose syrup to that of the silicone 208 plate, fig. 4b ). Note that this it is not surface tension that plays this role on 209 Earth but the fact that oceanic plates are not in isolation from one another.
210
It is simply the lateral continuity of the lithospheres that prevents the lighter 211 underlying mantle from welling above the plates.
212
A closer examination of the topography reveals that it departs from isostasy 213 at different spatial scales, that are due to the dynamic evolution of the system.
214
The viscous dissipation of the energy modifies the static equilibrium. It bends 215 the silicone plate, which produces some relief, and stirs the glucose syrup, 216 which also deforms the surface. In the glucose syrup, the viscous dissipation 217 can be separated into the poloidal (in the vertical plane) and toroidal (in [4, 41] . Our model is purely viscous and there is therefore no proper 233 subduction fault that could be defined by a yield stress. Instead, the depression 234 results from the competition between the buoyancy stresses in the glucose 235 syrup, that tend to restore uniformity, and the shear stresses exerted by the 236 subducting slab that impose the downward flow of the glucose syrup. The 237 main difference is that the flow in the wedge has a boundary condition that is 238 more kinematic, imposed by the subduction rate, than dynamic, i.e. defined 239 by a shear stress. The glucose syrup at the interface therefore must flow along 240 with the subducting plate. Note that part of the apparent trench in our models 241 is a meniscus from surface tension (see above). Scaled to the Earth, predicted 242 trench depths amount to 20-25 km, which seems impressively unrealistic, but 243 is in fact only approximately two to three times larger than actual trenches 244 (after sediments are stripped off). Their 0.15 to 0.2 mm high, 75 ±25 mm wide, elongate bodies lie parallel to 249 the trench, at a distance that varies of ∼50 mm in the free mode and ∼44 mm 250 in the fixed mode. This difference arises from the fact that slabs are steeper in 251 the free mode, a fact that doesn't affect the elevation of the bulge that remains 252 comparable in both cases. This may be explained by the fact that subduction 253 rates play a a fundamental role. Indeed, if the rate of trench retreat is lower 254 of 12% in the free mode, the subduction rate remains comparable. 255 
8
Contrarily to the trench, the bulge reaches its maximum elevation near the 256 edges of the plate, and not in the center (figs. 3 and 5). This observation is 257 somewhat surprising given the fact that the flexure of a viscous plate is a 258 priori a two-dimensional problem and as such, there is no intrinsic reason for 259 the bulge to have its elevation vary along-strike. It results from the interaction 260 with the suction component, which is larger in the center of the slab that at 261 the edges (see section 3.5).
262
In theory, the viscous flexure of the plate is periodic, and the magnitude of the 263 oscillation diminishes exponentially towards the foreside [42, 43] . The forebulge 264 should therefore be followed by a deflection, but its magnitude is too small 265 to be detected in our experiment. Not surprisingly, the plate flexure follows 266 the universal deflection profile [42] . Scaled to the Earth, the modeled bulges situation is somewhat similar to that of a channel flow between the slab itself 279 and the end wall of the tank, such that dp dy = 12η mv L 2 , where dp dy is the pressure [20] ; this situation is never met in our models. Table 1 Scaling of the modeling parameters in nature and in the laboratory, for the reference model.
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slab trench W P l e x i g l a s t a n k Fig. 7 . Bathymetry on the backside of the Banda subduction zone (a) and residual bathymetry of the East Scotia subduction zone (b, modified after [5] ). (Residual topography of the extremely young Banda back-arc basin was not computed (unavailable seafloor age grid) but is expected to be almost comparable to the residual topography). Wavelengths shorter than 100 km have been filtered out. Note the ∼8000 m deep Weber trough on the backside of Banda trench, and the ∼1500 m residual topography in the East Scotia back arc basin.
